FACILITIES
The experimental facilities in the target area (west straight section tank) are diagramed in Fig. 1 . In the curved section of the vacuum tank there are five targets.
Four of these are Itflip-up" devices ( Fig. 2) Beams of 1f-of 2 to 4.5 Bev/c momentum are produced by using the targets at 130 or 140 and placing a steel collimator and an analyzing magnet outside the window.
At the outer end of the shielding-wall aperture and at the highest energy the beam is about 10 1T-per 1010 protons on the target. These beams have been used for 1T-interaction studies with cloud chambers, for 1T--P cross-section measurements with counters, and for exposures of nuclear emulsions.
Neutron beamsat small angles from the forward direction are also obtainable from these targets and at zero forward angle from the 200 target.
There are three air locks on the inside of the straight section, and one on the top. The latter, which is not shown on the diagram, is'a re -entrant lock 24 inche s by 30 inches.
It is mounted on the upstream end of the tank. Its wall m the downstream side is of 0.091-inch 52S0 aluminum.
A 12 -by-I8
-inch air lock has been installed for use with heavy targets on the center of the inner straight section tank.
A rail is provided inside the vacuum tank so that heavy targets can be plunged into the beam. In one case a 30 -kg stack of emulsions was exposed to the beam through this lock. It has also been used to plunge heavy beam clippers iristudies of beam dynamics.
A 46 -inch -deep well was added to the north end of the top of the west straight section.
This well extends to within 7 inches of the median plane and is sufficiently large to permit the insertion of small magnets and shielding for counter experiments or emulsion exposures which must be located near the target.
The center line of this well is above" the west inside north plunging mechanism.
This well has a 0.091-inch 52S0 aluminum thin window along the entire west side and a 6-inch-diameter and 1/2-inch-thick lucite window in the bottom. 
".J. (a) Produce extended beam pulses. This will reduce the counting rate requirements on beam -monitoring equipment.
(b) Produce multiple -energy beam pulses during a given acceleration cycle. A controlled portion of the accelerating beam can be caused to fall upon targets at the desired energYJl thereby permitting the performance of several simultaneous experiments.
(c) Regulate and set the amplitude of the final beam to within a few percent.
To effect (a) and (b) a noise source is switched on to modulate the frequenc y of the rf voltage during particle acce leration.
With-slightl y more involved electronics (c) The amplitude range over which a constant beam ma y be obtained is limited by the normal fluctuation in beam amplitude without regulation and the smallest beam level that can be distinguished from thermal noise.
The accuracy with which the beam amplitude can be controlled depends upon the normal amplitude of the phase oscillations in that they affect the envelope of the induction electrode signal, the reproducibility and long-time drift of the beam-tracking equipment, and the speed, accuracy,. and stability of the voltage comparator.
Regulation to within a few percent has been achieved.
Automatic Operations Selector
A relay-controlled automatic operations selector was installed this quarter to permit the simultaneous performance of a number of different experiments.
This unit has three channels, which are selected in a preferential order as determined by the number of magnet pulses. Combined fluctuations in these starting conditions were measured indirectly by a statistical study of the time interval between the rf turn-on trigger and the first frequency marker that follows injection. The resultant histogram depicting the frequency of occurr'enc.e of a given delay time versus that delay time is shown in Fig. 5 . These data correspond to 377 copsecutive magnet pulses at a peak current of 4500 amp. The asymmetry in the delay curve indicates that in addition to the fluctuations, which produce an~lmost gaussian curve, there appears to be -a slight tend~ncy for the start fi"equency to be low.
If the width of this curve at half amplitude is considered qS a measure of the fluctuation, the jitter in rf turn -on frequenc y and initial slope corresponds to a time jitterof not more than ::I: 3 microseconds:-
In order to interpret these data in terms of direct variations in start frequency and slope, it is necessary to separate out the true fluctuations in the observed data from those which accrue from the measuring and i~dicating apparatus.
Finally, the time delay must be converted into the relev~nt frequency and slope variations.
Consider first the fluctuatio'lisin the fr~equency!! versus -time curve.
These arise naturally from fluctuations in the ctlrrentversus -time curve from which the frequency-tracking information isobtained. Figure 6 shows a histogram of a typical set of data obtained when the time between the first two current markers is measured. If we use the half amplitude of the gaussian-shaped curve as a measure of the fluctuation, we observe that th~raw data indicate that the time for the current to rise from 110.1 an~p (Marker 3) to 139.0 amp (Marker 4) 1S 10,798
::I: 6 microseconds. Two errors are included in this measurement. First, there is an error that is due to the chronometer used in making the time measurement. This instrument was a one -megac ycle crystal-controlled clock, which has an inherent jitter of ::I: 1 microsecond.
Second, there is an error in the measurement of the instantane0us current that results from fluctuations in the peaking-coil bias current. A chopper -stabilized regulator that is referenced from a standard cell is used to set the bias current.
The static regulation of this supply is good to 1 part in 105. While the dynamic regulation of this unit has not been measured (because of the relatively great instrumental difficulties), the relative sta--' bility of this unit has been compared with another similar unit. There has been an appreciable improvement in ignitron performance. This is especially important at high current and pulse rate where the average fault rate is now about one per hour of operation. This improvement is sho~'n in Table III ,where the average monthly fault rate is tabulated for high and low currents and various pulse rates.
The program of finding and remedying the causes of trouble continues. The resistive load across the ignitrons was increased to 6 amp to prevent a high transient voltage at the end of inversion.
It has also been noted that there is a notch in the generator voltage, causing a poor grid voltage wave shape which may correlate with inversion faults. This wave shape has been im-. proved with transformers, and it is proposed to couple an auxiliary generator to the shaft and provide a separates Durce of grid voltage. As operation has gone to the higher pulse rates, the water-temperature regulation has become poorer, and this seems also to correlate with faults. The water syf:te'm is being investigated with a view to improving this regulation.
BEAM DYNAMICS Beam Versus Aperture
On April 15 a study was made of the effect of an inner-radius obstruction on the amplitude of the accelerated beam.
The experiment modeled the least favorable condition to be expected in the extraction of the circulating proton beam, that is, a fixed magnet in the south tangent tank, which would necessarily reduce the radial aperture by a factor of two. In order to conduct this experiment with the available facilities, it was necessary to compromise to the extent of using an inner -radius Faraday cup in the middle of the east tangent tank as the inner -radius obstruction.
With this cup located at the nominal 600 -inch point, it was determined that (a) the range of existing rf equipment was sufficient to track the beam on the outer half of the aperture, (b) the amplitude of the accelerated b~am due to a localized innerradial obstruction would only be reduced by a factor of two.
This linear dependence between fractional aperture and fractional beam amplitude should not be extrapolated without due care. Other considerations of beam dynamics, such as minimum root-mean-square amplitude of free radial oscillations, precession of 'retatron oscillations, etc., must be considered.
OPERATING AND RESEARCH PROGRAM
The scheduled operating holirs were increased from 65 to 77 hours per week. As indicatedin Fig. 7 , the machine runs about 650/0 of thattime, with about 50% of the 77 hours effectivefor physi cs research. Ten groups in the laboratory are carrying on active, continuingprograms. In addition,about 25% of the effective research time has been devoted to emulsion exposures for various groups outside the laboratory. 
